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PREFACE

The work described in this document was performed under the Space Station

Phase B Exten sion Period Study (Contract NAS8- 25140). The purpo se of the

extension period has been to develop the Phase B definition of the Modular

Space Station. The modular approach selected during the option period

(characterized by low initial co st and inc remental manning) was evaluated,

requirements were defined, and program definition and design were accom

plished to the depth necessary for departure from Phase B.

The initial 2-1 /2-month effort of the extension period was used for analyses

of the requirements associated with Modular Space Station Program options.

During this time, a baseline, incrementally manned program and attendant

experiment program options were derived. In addition, the features of the

program that significantly affect initial development and early operating costs

were identified, and their impacts on the program were assessed. This

as ses sment, together with a recommended program, was submitted for NASA

review and approval on 15 April 1971.

The second phase of the study (15 April to 3 December 1971) consists of the

program definition and preliminary design of the approved Modular Space

Station configuration.

A subject reference matrix is included on page v to indicate the relationship

of the study tasks to the documentation.

This report is submitted as Data Requirement MP-02.

III
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Section 1

INTRODUCTION

1. 1 BACKGROUND

With the advent of the Space Shuttle in the late 1970· s, a long-term manned

scientific laboratory in Earth orbit will become feasible. Using the shuttle

for orbital buildup, logistics delivery, and return of scientific data, this

laboratory will provide many advantages to the scientific community and will

make available to the United States a platform for application to the solution

of national problems such as ecology research, weather observation and

prediction, and research in medicine and the life sciences. It will be ideally

situated for Earth and space observation, and its location above the atmos

phere will be of great benefit to the field of astronomy.

This orbiting laboratory can take many forms and can be configured to house

a crew of up to 12 men. The initial study of the 33-foot-diameter Space

Station, launched by the Saturn INT-2l and supporting a complement of 12,

has been completed to a Phase B level and documented in the DRL-160 series.

Recently completed studie s are centered around a Space Station comprised of

smaller, shuttle-launched modules. These modules could ultimately be con

figured to provide for a crew of the same size as on the 33-foot-diameter

Space Station-but buildup would be gradual, beginning with a small initial

crew and progressing toward greater capability by adding modules and

crewmen on a flexible schedule.

The Modular Space Station Phase A-level study results are documented in the

DRL-23l series. Recent Modular Space Station Phase B study results are

documented in the DPD-235 series, of which this is a volume.

The Space Station will provide laboratory areas which, like similar facilities

on Earth, will be designed for flexible, efficient changeover as research and

experimental programs proceed. Provisions will be included for such

functions as data processing and evaluation, astronomy support, and test and

1



calibration of optics. Zero gravity, which is desirable for the conduct of

experiments, will be the normal mode of operation. In addition to experi

ments carried out within the station, the laboratorie s will support operation

of experiments in separate modules that are either docked to the Space

Station or free-flying.

Following launch and activation, Space Station operations will be largely

autonomous, and an extensive ground support complex will be unnecessary.

Ground activitie swill 0 rdinarily be limited to long- range planning, control

of logistics, and support of the experiment program.

The Initial Space Station (ISS) will be delivered to orbit by three Space Shuttle

launches and will be assembled in space. A crew in the Shuttle orbiter will

accompany the module s to as semble them and check interfacing functions.

ISS resupply and crew rotation will be carried out via round-trip Shuttle

flights using Logistics Modules (Log M 1 s) for transport and on-orbit storage

of cargo. Of the four Log M's required, one will remain on orbit at all times.

Experiment modules will be delivered to the Space Station by the Shuttle as

required by the experiment program. On return flights, the Shuttle will

transport data from the experiment program, returning crewmen, and

waste s.

The ISS configuration rendering is shown in the frontispiece. The Power /

Subsystems Module will be launched first, followed at 30-day intervals by the

Crew /Operations Module and the General Purpose Laboratory (GPL) Module.

This configuration will provide for a crew of six. Subsequently, two addi

tional modules (duplicate Crew/Operations and Power/Subsystems Modules)

will be mated to the ISS to form the Growth Space Station (GSS) (shown in the

frontispiece), which will house a crew of 12 and provide a capability equiva

lent to the 33-foot INT-2l-launched Space Station. GSS logistics support will

use a Crew Cargo Module capable of transporting a crew of six.

2



During ISS operations, five research applications modules (RAM's) will be

assembled to the Space Station. Three of these will be returned prior to

completion of the GSS. In the GSS configuration, 12 additional RAMI swill

augment the two remaining from the ISS phase. Three of the RAM's

delivered to the GSS will be free-flying modules.

1, 2 SCOPE OF THIS VOLUME

This volume describes the requirements for the activities involved in, and

the procedures used by the crew in the operations of the Modular Space

Station. For completeness and clarity, a description of all crew-related

characteristics of the statio"n and its operations are indicated.

Section 2 describes the interior configuration and arrangement of each of the

Space Station module s, the facilitie s and equipment in the module and their

operation, as related to crew habitability.

Section 3 defines the crew activities and procedures involved in the operation

of the station in the accomplishment of its pr,imary mis sion. It de scribe s

the operations involved in initial station buildup; and the on-orbit operation

and maintenance of the station and its subsystems to support the experi

mental program. A general description of experiment operations is also

given.

A detailed description of experiment operations at the functional program

element level is presented in Appendix A, prepared by the Martin Marietta

Corporation, Denver Division.

3



Section 2

CREW FACILITIES AND OPERATIONS

2.1 MODULAR SPACE STATION CONCEPT

The fundamental design philosophies which have shaped the Modular Space

Station concept are (1) low cost through simplicity and (2) effectiveness

through modern technology. The first objective is achieved by limiting the

number of basic modules with multifunction elements. The second helps to

reduce not only the amount of structure but also the thermal control, safety

and warning, fault isolation, electrical and fluid distribution systems. Each

additional module also requires another docking interface. While the Initial

Space Station employs common structural and thermal control system ele

ments' and other common elements in the individual module designs, the

primary simplification and cost reduction due to commonality is in the

growth from a 6-man to a l2-n.an station by the addition of a power sub

system module and a crew operation module, both identical to the original

ISS development. A completely maintainable design was developed. Each

subsystem design incorporates its own maintainability features which result

in a greatly simplified total program (including development and operations).

Increased system effectiveness is achieved through the automation of station

facilities to reduce nonproductive man-hours (e. g., fault isolation, failure,

warning, and subsystem control). The general-purpose laboratory is

designed to provide the maximum involvement of man in the research and

application activities.

The ISS is capable of supporting a crew of up to six men. The basic station

configuration consists of three module s: (1) a Power / Subsystem Module

illustrated with deployed solar arrays and containing all power distribution

equipment and other subsystems; (2) a Crew / Operations Module capable of

housing up to six men and containing the station command center (attached

longitudinally to the Power / Subsystems Module); and (3) a radially attached

5



GPL, which includes a biotechnology facility as well as laboratories for

gene ral re search and applications support. Both the Powe r / Subsystems and

the crew modules have three lateral docking ports for the accommodation of

the GPL and RAM's, while the end port on the docking module is nominally

used for docking the logistic s module.

To achieve GSS capability, the two additional Space Station modules (Power/

Subsystems and Crew/Operation) will be added to the ISS cluster. These

modules are nearly identical in design with those deployed for the initial

capability. These two modules double the capability of the Space Station and

enable it to perform all functions required for the GSS.

GSS buildup increases the crew size from six to 12 men, and doubles the

power, docking ports, etc. The initial GPL is sized for the GSS capability

and off-loaded for the ISS; therefore, only one GPL is required. Special

crewmen are again employed with delivery of the GSS modules to assist the

ISS crew in activating the GSS. Manning to the 12-man level is accomplished

by use of a second Crew Cargo Module.

2.2 MAN-SYSTEM INTEGRATION

The interior configuration of all the Space Station modules has been designed

to facilitate crew operations and hence habitability. The major program

requirements specified by NASA were as follows:

• No artificial g.

• Dual, independent pre s sure volume s.

• Provide equivalent provisions as 33-ft Station.

• Private state rooms.

• Provide for ease of accessibility for maintenance

• Provide alternate escape routes.

• 96-hr emergency capability.

• Provide emergency EVA/IVA suit station.

• Consistent with good architectural de sign.

6



To aITlplify and clarify the intent of the se prograITl requireITlents, the following

general requireITlents or design goals were generated by McDonnell Douglas

Astronautics COITlpany (MDAC) through design analyses to guide the pre

liITlinary de sign effo rt:

A. All cOITlpartITlents will be designed for ITlaxiITluITl habitability.

B. Interiors will be optiITlized with due consideration to ground

checkout and evaluation requirements and constraints.

C. Volume allocation, equipment locations, and interior arrangement

will be designed to minimize casual interference, (i, e., to avoid

any interuption to crewmen while performing tasks).

D. The opportunity for freedom of choice in facility usage will be

maximiz ed.

E. The common use of free space will be applied where appropriate.

The general interior orientation and configuration selected is essentially the

same for all module s, although they vary in detail according to the specific

requirements of each module. The selected orientation and configuration can

be described as a longitudinal orientation, using a minimum of separating

walls or decks, but with arrangement of equipment and facilities for two

levels of operation where po s sible.

Each facility work station has been sized (shape and volume) to provide suf

ficient free space to ensure oprimum task performance or satisfaction of

needs, minimum interference from other crew members or equipITlent,

multiple use of facilitie s without routine scheduling, and a maximum number

of alternative areas for accomplishing specific job requirements (e. g., study

or report preparation) or meeting personal needs (e. g., social activities or

privacy). The location and arrangement of facilities and equipment facilitates

the above capability, and minimize s the total Space Station volume require

ments; while at the same tiITle maximizing the appearance of spaciousness

and the COD1mon use of free space, and facilitates the accoITlD1.odation of ITlixecl

crews (male and female, scientists and astronauts) and dual- shift operations.

The concurrent development of interior configurations and crew interfaces is

discussed below for each module.

7



2. 2. 1 Power / Subsy steITlS Module

The general arrangeITlent of the Power/SubsysteITls Module is shown in

Figure 2-1. The placeITlent of the various subsysteITl eleITlents was deter

ITlined by acce s s requireITlent s, nlOdule cg constraints, and related equip

ITlent proxiITlity. Locating the docking section in the center of the ITlodule

provides a clear access to install or ITlaintain equipITlent located at either end.

The Power / SubsysteITls Module is not norITlally ITlanned, but ITlust be

acce s sible for initial installation and checkout and for corrective ITlaintenance

for the following equipITlent: cOITlITlunications, data ITlanagement, guidance

and control, on board checkout system (OCS), atITlospheric supply, control

ITlOITlent gyro s (CMG' s), pUITlp-down accuITlulator, horizon senso r, and

propellant tankage. The pressurized compartment is capable of providing

a retreat from environITlental hazards. Two suits for extravehicular

activity (EVA) and two portable life support systems (PLSS's), three

oxygen masks and a 96-hr eITlergency pallet are stored in the cOITlpartITlent.

The Power / Subsystem Module was configured to ITleet the following

requirements:

A. Access to all equipITlent for installation and unscheduled

maintenance.

B. Access to solar array asseITlblies in intravehicular activity (IVA).

C. On-orbit installation of CMG' s and atmosphere storage containers:

D. VoluITle and space constraints:

Electronics equipment 510 cu ft

CMG' s and atmosphere supply

storage

Docking ports

Free voluITle

Access to CMG ' sand atITlosphere

storage area froITl docking ports

Clearance between CMG1 s,

atmosphere bottles

8

210 cu ft

1400 cu ft

54 cu ft

5 ft dia

6 in.
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Figure 2-2 illustrate sal/20th scale model of the Power /Subsystems Module

in the launch configuration. It was constructed early in the study as an aid

in developing crew requirements.

2. 2. 2 Crew/Operations Module

The Crew/Operations Module contains most of the crew accommodations.

The arrangement employs a zero- g longitudinal configuration, as shown in

Figure 2-3. Each of the six crew quarters contains approximately 200 cu ft

of space. Two identical hygiene areas are provided, each with a shower

and waste management provisions. Three crew quarters and a hygiene

facility are located at each end. The galley/wardroom is adjacent to one set

of quarters and the primary control center adjoins the other. A docking port

area separate s the galley/wardroom and the control center.

The three radial docking ports, 120 0 apart, are incorporated into the mid

point of the module to ensure proper clearance between modules for orbiter

docking.

2.2.2. 1 Private Quarters

The requirements for private quarters were aimed at providing an alterna

tive to the wardroom for social activities, work, or study and still provide

privacy when needed for sleep and other personal activities. The private

quarters are approximately 7 ft by 7 ft by 4 ft (196 cu ft). Size and volume

of the quarters were determined by the following: freedom for crew maneuver

ability in two planes requires free volume measuring approximately 6.5 ft by

6.5 ft by 3.5 ft (148 cu ft); furnishings (in place) and personal equipment

occupy a volume of 33 cu ft; and the capability for dual occupancy during crew

overlap. The private quarters are provided with adequate light and sound

attenuation to ensure privacy and isolation. Conver sel y, the quarter s are

capable of easy conversion to two- or three-man staterooms and the design

accommodates either male or female crew members, as shown in Figure 2-4.

Each crew compartment contains provi sions for sleeping (re straint), study,

and relaxation, and a view port, as shown in Figure 2-5.

10



R272

Figure 2-2. Power/Subsystems Module (1/20th Scale Model)
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2. 2. 2. 2 Wardroom/Galley/Gymnasium

The wardroom/galley/gymnasium area is designed for multiple use for a

variety of simultaneous on- and off-duty activities without interference. The

wardroom/ galley / gymnasium requirements are as follows:

A. Simultaneous use by six men for the same or different activities.

B. Food preparation center capable of preparing, serving, storing,

and clean-up of meals for one to six men.

C. The total volume of the wardroom/galley/gymnasium will be equal

to the large st single free - space requirement plus volume for

additional equipment or competing activitie s. Hence, the gymna

simYl area (14 ft by 10 ft by 8 ft) of 1, 120 cu ft plus 600 cu ft for all

equipment yields a total volume requirement of 1, 720 cu ft. A total

of 1, 920 cu ft is provided. The adequacy of these requirements

we re ve rified in full- scale mockups such as shown in Figure 2- 6.

2. 2. 2.3 Galley and Eating Area

The galley provides equipment for food preparation, serving, storage, and

clean-up. Food storage locker s (ambient and controlled temperature)

accommodate a 15-day supply of wet and dry foods, including perishables,

for a six-man crew. The layout is depicted in the full-scale mockup shown

in Figure 2-7.

The eating area contains a removable table and six "seat" restraints. The

eating area with the addition of the docking port area is capable of quick con

version to an exercise or recreation area. This concept is illustrated in

Figure 2-8.

2. 2. 2.4 Hygiene and Waste Management Co.mpartments

Duplicate hygiene facilitie s are provided to reduce interference during

periods of high use (e. g., upon awakening) and to provide suitable accom

modations for mixed crews. The location of the hygiene facilities-one above

the galley and one above the control center wardroom area-are accessed from

the docking port area. Hygiene facility requirements are as follows:

A. Two enclosed facilitie s with appropriate accommodati ons for male

and female crew members.

15
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Figure 2-6. Crew Habitability Docking Port Area (Ward Room Augmentation)
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Figure 2-7. Crew Habitability - Galley
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Figure 2-8. Crew Habitability - Ward Room (Eating Area)
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B. Appropriate noise, odor, and contamination control in the hygiene

compartments.

C. Hygiene compartments will be adjacent to the private quarters.

D. Hygiene compartments will be easily accessed from other modules,

particularly the GPL.

E. The following functions and volumes have been allocated for each

hygiene compartment:

Function

Shower

Waste management

Urinal and hand wa sh

Laundry

Free space

Volume
(cu ft)

60

65

30

20

65

240

The waste management compartment (within the hygiene compartment)

contains a urine collector, fecal collector, and appropriate expendables.

It is provided with appropriate controls of odor, liquid, and contamination.

The design of the waste management system incorporates the prescribed

urine and feces sampling capability. This compartment is shown in

Figure 2-9.

A second urinal is provided outside the waste management system compart

ment. It shares a console space with a hand-wash (enclosed chamber sink,

with hot and ambient water and metered detergent). A laundry and dryer is

also provided for clothing, bedding, and other washables. A cabinet-type

shower is provided with controlled water temperature and warm air flow for

drying. These facilities are shown in Figure 2-10. Appropriate control of

liquids is incorporated in the shower design.

19
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Figure 2-9. Crew Habitability - Hygiene/Waste Management
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2.2.2.5 Command Control Center

The control center occupie s a section similar to the galley/wardroom,

but at the opposite end of the module. Its location permits observation of

caution and warning indicators by off-duty crewmen in the galley/wardroom

and docking port area. Its location and general layout is shown in Fig-

ure 2 -11. The control console is designed to be operated normally by a

single man, but permits use by a second man in certain checkout operations.

The control center has the following general characteristics. All station

operations, excluding experiment operations, can be monitored and con

trolled from the control console. A secondary console located in the GPL

provides a redundant capability. Windows are provided to allow direct view

ing of docking operations and to allow for control of Space Station attitude and

orientation. The control center was designed to support all known sub

systems and station requirements, and to provide for growth or modifi

cation to those subsystems.

In defining the requirements for the design of the Control Center, all sub

system requirements were collected and analyzed. To these requirements

were added those that might be generated by; other potential candidates for

inclusion in the station. The se requirements were then integrated and

synthesized to determine all of the potential requirements for displays and

control that such a station might require in its ten-year life. General

purpose, integrated display and control equipment was then defined to have

the generalized capability to meet the se requirements. However, a number

of dedicated displays were included, where sharing of use was deemed

inefficient. The control center also contains the capability for the continuous

display of selected high-use information. The center also provides visual

and auditory warning of emergency information.

Requirements for the control center are as follows:

A. Adjacent to but separable from wardroom.

B. Capable of temporary sight and sound isolation.

C. Front and back equipment access for maintenance.
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D. One- or two-man operation.

E. Volumes (in cu ft):

Equipment

Operating space

Maintenance ac ce s s

(Shared with other activities)

110

105

o

215

The resulting design concept is shown m Figure 2-12.

2.2.2.6 Subsystem and Docking Ports

Environmental control and life support (ECI LS) equipment and electrical

power equipment are arranged for easy access during maintenance and

servicing. Frequent replacement of batteries is anticipated for the elec

trical power system (EPS), for example. The volumes allocated for the

Ecl LS subsystem and the EPS are 200 cu ft and 25 cu ft, respectively.

Additional volume requirements are 1,400 cu ft for docking ports

and 400 cu ft for wiring, ducting, and nondedicated storage (see

Figure 2-13).

2.2.3 General-Purpose Laboratory

As the primary work area for most of the crew and the area where crew will

spend a major portion of its time, the GPL will be de signed fo r maximum

habitability and usability. The specific habitability requirements for the

GPL are as follows:

A. Functional separation of different laboratory areas.

B. Study and relaxation area available to each laboratory.

C. Light isolation capability for optic s labo ratory and data- proce ssing

facilities.

D. Layout, arrangement, and installation which facilitates equipment

removal and modification for the progre s sive experiment program.
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E. Prime work station s located to eliminate interference.

F. Volume and size criteria - minimums.

Aisles

Prime work areas

Access for

maintenance

24 by 78 in.

33 by 78 in.

30 by 78 in.

Study and

relaxation area 200 cu ft free volume

G. Accommodate size and shape of experimental equipment as dictated

by changing experiment requirements.

The GPL contains the experimental equipment for the early experimental

program (i. e., prior to the arrival of RAMI s), much of the experimental

equipment for the continuing program, all of the experiment support equip

ment (excluding the primary power source in the Power ;Subsystem Module)

and the control center from which the entire experiment program is

monitored and controlled. (The control center includes the capability for

control of free-flying RAMI s.) Since it also contains the secondary control·

center for the station, the GPL has the capability for control of the total

mis sion.

The GPL represents one of the two habitable volumes in the station with a

capability for extended-duration operations. It has its own independent

Eel LS system (les s the oxygen supply in the powe r and subsystems module),

houses the 30-day emergency food supply, has a water dispenser unit for

reconstituting freeze-dried food, urine and fecal collection equipment and a

hand wash with associated wipes, towels, etc., for total body cleansing. It

was configured with sufficient free volume to accommodate six sleeping

crewmen comfortably, and with its capability for "light isolation" of certain

laboratory areas, and the inclusion of the isolation chamber, the GPL can

even accommodate dual- shift operations on a somewhat limited basis. The

isolation chamber also serves as an EVA airlock and stores two EVA pres

sure suits so that EVA operations can be conducted and controlled from the

27



GPL. A 96-hr emergency pallet (for power and atmosphere) is stored in the

GPL, to provide a self- sustaining capability for that period of time in com

plete isolation from the re st of the station, see Figure 2-14.

The ba sic interior configuration and arrangement of the GPL, depicted by a

1/20th scale model is shown in Figure 2-15. The open longitudinal config

uration with two operational levels enhances the appearance of spaciousness

and at the same time maximizes the amount of usable free space avail

to the crew. Also, easy access to all equipment for ground checkout

and evaluation is possible with a minimum of specialized ground support

equipment (GSE).

Figure 2-16 shows the full-scale mockup interior configuration selected

for the GPL. It utilizes two operational levels, but, except for the

isolation chamber, has no permanent separating walls or floors, thereby

achieving the appearance of spaciousnes s. Equipment is grouped func

tionally into laboratories or specialized facilities. Each laboratory and

facility has been sized to allow up to three crewmen to work at one

time. Also, there is sufficient free volume associated with each laboratory

to permit up to three crewmen to confer, study, relax, or socialize, thereby

eliminating the need to return to the wardroom or private quarters for such

activities. Aisles and laboratories were also sized and arranged to allow

crewmen to pass other crewmen at work without even casual interference.

Equipment in the GPL has been located and arranged to eliminate any

requirements for routine foot-to-head operations (i. e., one crewman work

ing directly above another). The capability to easily accoIT1modate a nUnlber

of crewmen simultaneously in a variety of experiment activities is illustrated

1U Figu r e 2 - 17 .

There are six laboratories, an isolation chamber and a secondary control

center in the GPL. Photos of full- scale mockups of these facilities and

drawing s of the proposed equipment in them are shown in Figure s 2 -18

through 2-30.

28



NE
UT

ER
DO

CK
IN

G
IN

S
Tl

(T
YP

)

SC
IE

N
TI

FI
C

AI
R

LO
C

K

D
O

C
KI

N
G

M
EC

H
/

PR
ES

S.
TK

(T
YP

I

BI
O

M
ED

TE
ST

CO
NS

O
LE

IS
OL

AT
ED

TE
ST

C
H

AM
BE

R
;

EV
A

AI
R

LO
C

K

SC
IE

N
TI

FI
C

AI
RL

OC
K

EM
ER

PR
OV

FI
LM

PR
O

CE
SS

~
=
=
r
r
r
~
~
~
~
~
~
~
=
=
d
L
-
J
i
l
~
~
-
-
-
+
-
1
~
_
.
.
.
L
.

DA
TA

E
C

llS
JL

M
GM

T
PR

ES
SU

RE
8.

0
FT

BU
LK

HE
AD

-
-
-
-
-
-
-
-
-
4

5
.
0

FT
-
-
-
-
-
-
-
-
-
..

..
J

SE
CO

ND
AR

Y
CO

NT
RO

LS

M
UL

TI
FO

RM
AT

VI
EW

ER
AU

TO
FI

LM
RE

AD
ER

F
ig

ur
e

2-
.1

4.
M

od
ul

ar
S

S
G

en
er

al
P

ur
po

se
la

b



30



R272

Figure 2-16. Crew Habitability - General Purpose Lab
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Figure 2-18. Crew Habitability - Data Evaluation Lab
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Figure 2-22. Crew Habitability - Mechanical Lab
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Figure 2-26. Crew Habitability Optical Laboratory
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2. 3 LOGISTICS MODULE

The Logistics Module is a l4-ft-dia by 28-ft-long configuration,

incorporating a pressurized and an unpressurized compartment. the interior

of the pressurized compartment is arranged into three basic areas: special

cargo, palletized cargo, and liquid and gas cargo. The special cargo area

is sized to accept off-loaded items such as the CMG!s, food freezer, trash

compactor, and research and applications equipment, as shown in Fig-

ure 2-31. The palletized area is configured to support 2 ft by 2 ft carry-on

containers. Carry-on packages are designed to accommodate this capability

insofar as po s sible. (The unpre ssurized area house s the propellant cargo

tankage and high- pre s sure gaseous nitrogen tanks and need not be acce ssed

by the crew.) Tankage for fluid cargo remains fixed in the module while the

contents are transferred to station systems on demand.

A two -man EVA airlock is located at the interface of the pre s surized com

partment and orbiter. The airlock also serves as a means of egress and

ingress between the orbiter and the Logistics Module. Cargo handling aids

are provided to mechanically assist crewmen in off-loading large-mass

items (more than 200 lb) which are easy to move but difficult to control.

Generally, cargo remains stowed in the Logistics Module until needed, or

until the Logistic s Module is replaced.

2.4 BASELINE SUBSYSTEMS

Baseline subsystems characteristics are summarized in Table 2-1. The

operation and maintenance of these subsystems is a crucial responsibility of

the operations crew. The crew time allocations for subsystems were

reevaluated during this study. The objectives were to ensure that all tasks

have been identified and further that the most up-to-date data are made

available. A brief summary of each subsystem follows.

Electrical power for the Initial Space Station at 115 vdc is provided by a

gimbaled foldout solar array. A solar heat collector, which provides heat

for Eci LS processes, is located on the array to take advantage of the sun

orientation. Thermal control is provided by active, redundant radiator loops

on each module. The external fluid is Freon- 21 and the internal heat con

duction fluid is water.
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Table 2-1

ISS BASELINE SUBSYSTEMS

EC/LS

Two 6-man systems
Closed water (reverse osmosis)
Open oxygen (mole sieve)
Solar heat collection

Electrical Powe r

Gimballed foldout arrays
Two- step buildup
17 kwe; 32 kwe

Propulsion

N2H4 high-thrust
C02 re sistoj ets

Guidance, Navigation, and Control

CMGls
Stellar/inertial reference
Trimmed horizontal orientation
All attitude capability
Manual docking
Ground navigation

Communications

ISS - S- band to modified
manned space flight
network

VHE and K u - band to
relay satellite

GSS - Ku - band to free
fl yer s

Data Management

Centralized multi
processors and
distributed computers

Data bus
Multipurpose displays

Onboard Checkout

Integrated with data
management subsystem

Automated operation
Fault isolation to lowest

replaceable unit

r-/

The power module contains storage tanks and vacuum pumps for evacuating

airlocks within the station and attached RAMI s. Module repressurization

gases are also stored in the power module. The crew and GPL modules each

contain six-man EC/ LS subsystems. These provide C02 and humidity con

trol, atmosphere purification, and water recovery and purification. Waste

C02 is collected in short-term storage tanks and used as a propellant for the

resistojet orbit-keeping propulsion system.

Guidance, navigation, and control (GNC) equipment is located primarily in

the p.ower module. Instruments include gyros, horizon sensors, star

sensors, and star trackers. CMGI sand monopropellant (N2H4) thrusters

provide attitude control. GNC computations are performed in the central
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data management subsystem (DMS) computer. The data bus interconnects

the computer and other DMS components, as well as the other subsystems.

Voice communications are provided to the Shuttle via VHF and to the ground

via S-band using the data relay satellite system (DRSS) and the manned space

flight network (MSFN). Wide-band digital and video data are transferred to

the g round via K u - band DRSS.

Additional details regarding the de sign analyse s and trade studie s performed

to optimize crew operations and interior configurations are given in SE-Ol,

Detail Preliminary Design of Subsystems.
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Section 3

CREW OPERATIONS ANALYSIS

The analysis of crew operations encompasses three major areas of the

Modular Space Station program: (1) buildup and initiation, (2) sustained

operations, and (3) logistics support. (Space Shuttle flight support required

for the preflight delivery and po stflight support of the Modular Space Station

are discussed in MP-Ol, Mission Analysis. )

3. 1 MODULAR SPACE STATION BUILDUP

Space Station buildup operational events are summarized in Figure 3-l.

This phase of the mission covers the first 60 days (three launches) of the

Space Station program. During this phase of the mission, two assembly

crewmen will accompany each of the Space Station modules to orbit as

passengers in the Space Shuttle. These assembly crewmen will perform the

interface mating, checkout, and operation functions on the Space Station

while the Space Shuttle remains attached to the configuration. During their

orbital stay, these crewmen will depend upon the Shuttle for life support

while working in the Space Station module(s).

3. 1. 1 Power / Subsystems Module

The Power /Subsystems module will be launched first. It will be equipped

with an EC /LS system and with one set of batteries which provides the

electrical power until solar array deployment and checkout. Although

this power and atmosphere capability provides the crew with a shirtsleeve

environment, the men will enter this module (and the other two module s dur

ing buildup) in pres surized suits and remain in them until all systems have

been checked out.

The Power / Subsystems Module buildup timeline is pre sented in Figure 3 - 2.

As shown in this figure, at approximately four hours ground-elapsed time

(GET) the Space Shuttle bay door will be opened and the module deployed on
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the payload interface pallet. Once the operation of the thermal Syb,('lTI ha~:

been verified, the crew will prepare the module subsystems and the Space

Shuttle airlock for entry to the payload module. The Space Shuttle crew will

then activate the atmosphere supply flow into the module. The air supply

will utilize the nominal atmosphere distribution system in the module, hold

ing the onboard atmospheric supply for backup.

The two assembly crewmen, in their IVA suits, will then enter the Space

Shuttle airlock. An expandable tunnel will be used for crew transfer from the

Space Shuttle to the Power/Subsystems Module hatch. At the module hatch,

there will be a viewing window and a habitability verification readout station.

The crew can equalize pre ssure ac ro s s the entry hatch at this location, and

can activate the internal communication systems and lighting systems of the

module.

Once the habitability of the module has been verified, the crew will open the

hatch and enter the module. Following entry, the crew will use the portable

display and control unit (PDC U). This unit is shown in Figure 3 - 3. It oper

ates with the data management system computer and has the functional capa

bilities of the control and display console scheduled for delivery in the Crew/

Operations Module, but it operates in a manual, one-command-at-a-time,

mode. The PDCU can thus be used for command activities and for diagnostic

routine s for fault detection and isolation. Following the se activitie s, the crew

will return to the Shuttle, doff suits, and complete food and wa ste

management.

The crew will then reenter the Power / Subsystems Module in shirtsleeve sand

complete the checkout operations. The first activity is the deployment of the

solar array system (see Figure 3-4). Once the array support beams are in

place and held by removable over-center locks, the twelve array panels will

be deployed by means of the Astromast assembly. This assembly urn "~sh; of

v collapsed trus s beam which snaps into place one section at a Li.me, the I', ; 'y

extending the sections ahead of it.

Once the arrays are deployed, the crew will check the power generation capa

bility of the system and then switch the power source to the arrays. The
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batterie s onboard the module will then be switched to the recharge mode,

initiating normal power system operation. At this time, the solar array ori

entation control system will be activated and checked out. Proper system

response and panel operation can be evaluated by the crew while the Space

Shuttle maintains orbital rate of the total configuration.

With the module on solar array power, the assembly crew will begin a com

munication te st on the VHF and S- Band systems with the ground network.

While one crewman is performing these tests, the second crewman begins the

next activation sequence for the high-thrust, N2H4 propulsion system. The

propulsion system will be checked by the crewman by means of a series of

controlled tests that are repeated several times to accumulate a reasonable

amount of operating time in the space environment. With verification of this

'system operation, the system is deactivated and the initial certification of the

module operational readiness is attained. The crew will return to the

Shuttle, debrief with mission operations support on the ground, and prepare

for a sleep cycle onboard the Shuttle.

On the second day, the crew will reenter the Power/Subsystem Module to

check the horizon sensor and star tracker systems. Once this check is com

pleted, the Space Shuttle will return to its normal orientation. The crew will

then perform periodic tests on the module! s subsystems, similar to a

"shakedown cruise. 11

Following 24 hours of shakedown cruise, the crew will prepare for release of

the module and return of the Space Shuttle. This operation will begin once the

on-orbit crew and the ground support personnel have established the module's

readiness for 60 days of unmanned operations. The Power/Subsystems mod

ule will be configured for unmanned operations by activation of the atmos

phere supply onboard the module. The crew will then transfer to the payload

tunnel area and secure the module hatch. Following this, the crew will dis

connect the umbilicals across the interface and then enter the Space Shuttle

airl?ck, securing the tunnel hatch. The tunnel will then be depressurized and

the Shuttle will orient the module to its separation attitude. Once the desired

attitude has been attained, the Space Shuttle will separate from the
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Power / Subsystems module. Following separation, the module propulsion

system will"be activated and the hatch cover closed over the exposed docking

port by RF command from the Space Shuttle. For one orbit or more, the

Shuttle will station-keep, with the module monitoring proper subsystem oper

ation. At the proper time, the Space Shuttle, with the assembly crewmen

onboard, will initiate the retrofiring for return to Earth and completion of

the first phase of the buildup operations.

3. 1. 2 Crew/Operations Module

The second module launched will be the Crew/Operations Module. Once the

Crew / Operations Module is delivered to orbit and docked to the longitudinal

docking port of the Power/Subsystems Module, 36 interfaces will be mated

between the two modules. To perform the operations of mating these

module-to-module interfaces, two assembly crewmen will accompany the

Crew/Operations Module to orbit as Space Shuttle passengers.

This second flight of the buildup operations also includes the first direct.

docking operations of one module to another, utilizing the Space Shuttle sys

tems. The technique for direct docking utilizes manual control by a Space

Shuttle crewman located at the docking station in the Space Shuttle airlock.

The docking aid is a T - bar device located above the target docking hatch

and, when viewed through the Space Shuttle docking tele scope, its image

yields information relative to lateral and vertical displacement of the Space

Shuttle. The docking mechanism consists of a docking collar with two pro

truding guide arms on one module, and an identical collar on the other mod

ule with two guide arms in opposite corners to provide a neuter type of

arrangement. The guide arms force alignment in the lateral, vertical, and

roll positions during final closure. At closure, capture links located on the

guide arms hold the collars together while the collars are retracted by col

lapsing their hydraulic energy-absorbing members. When the two mating

surfaces are in contact, 24 interdigitated hooks (12 on each module) are

engaged, and redundant seals are pre s surized to seal the docking interface.
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Figure 3-5 presents t?-e buildup timelines for the crew and operations

module delivery mission. As shown in the figure, at a ground elapsed time

of approximately five hours, the Space Shuttle will have completed rendez

vous with the Power /Subsystems Module and the Shuttle bay door will be

opened and the module deployed fo r docking. As during the Power /

Subsystems Module deliver mis sion, the freon loop of the Crew/Operations

Module will be activated following module deployment from the Shuttle pay

load bay. During the ascent of the Space Shuttle, the mission operations

support personnel have completed their operational commands to the target

module, activating the rendezvous and docking aids and deploying the hatch

cover over the target. docking port.

Before initiating the terminal docking maneuver, the high-gain antenna

located on the Crew /Operations Module must be rotated to the docking ori

entation. This orientation eliminates any interference with the docking

operation, including the docking pilot ' s view. Also, the RF link between the

Space Shuttle and the Power / Subsystems Module will be verified, as it is

required for the nominal docking operation.

At a ground elapsed time of approximately six hours, the docking operation

will be completed. Immediately following docking completion, the Space

Station attitude control system will be deactivated and the orbiting config

uration attitude orientation will be controlled by the Space Shuttle until

completion of the on-orbit activities. Once this system has been deactivated,

the crew will transfer to the Shuttle airlock and enter the crew transfer tun

nel. Once the two assembly crewmen arrive at the entry hatch into the

Crew /Operations Module, they will activate the module lighting and inter

com systems and perform visual checks to establish the habitability of the

module.

The Crew /Operations module contains the atmosphere control system

and sufficient oxygen and nitrogen for l2-man days of habitation; however,

this will be kept in reserve and the module(s) will be supported by the Space

Shuttle environmental control system.
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The crewmen will equalize pressure across the hatch, enter the module in

pressurized suits, and perform a visual check at the interface of the Crew/

Ooperations Module and the Power / Subsystems Module. They will equalize

pressure in this natural airlock between the modules, and then enter this air

lock. In this position, the crew will perform visual checks of the Power/

Subsystems Module through the view port in the hatch. The crew will then

enter the Power/Subsystems Module and visually inspect the module.

Following visual inspection, the two assembly crewmen will return to the

Crew/Operations Module to begin mating the interface, securing the hatch

into the Power / Subsystems Module. Until the electrical power interface s

(see Figure 3-6) are mated and checked out, the Crew/Operations Module is

dependent on the Space Shuttle for its electrical supply. While the first

assembly crewman (an electrical technician) is completing the power inter

face, the second assembly crewman (an electromechanical technician) will

mate the oxygen, nitrogen, and air ducting interfaces.' Approximately

two hours after the initiation of the interface mating, the Crew/Operations

Module will be on the Space Station power source.

The times required for the interface mating s are pre sentedin Table 3-1.

The values shown in the first column represent estimates of the time

required to complete the mating of the connection type of interface listed in

the left-hand margin. The se time s were then corrected for the space

environment, depending upon whether they could be done in IVA suits or were

more likely to be accomplished in shirtsleeves. The third data column pre

sents the corrected time for the interface mating and the final column pre

sents the total connection time, including the test and checkout requirements.

Table 3 - 2 pre sents the detailed requirements for interface connections

between the Power/Subsystems Module and the Crew/Operations Module, in

terms of time required for total subsystems completion. The interfaces

connected by the second crewman employ quick disconnects with interlocks

to th~ shutoff valves for emergencies. The connections are encased in

transparent bags, which indicate leakage through condensation or swelling.
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Once the atmosphere interfaces are mated and the module is on Space Station

power, the crew will activate the environmental control system and verify

proper atmospheric control. Following these operations, the crew will

return to the Space Shuttle, remove the IVA suits, debrief, and perform a

food and sleep cycle.

The second day, the crew will be briefed by the support personnel on the

ground to identify any anomalies which occurred during their sleep cycle, and

then reenter the Crew/Operations Module to continue the buildup operations.

One of the first activities to be completed on the second day is the mating of

the hydrazine propulsion lines. Since NZH4 is considered a hazardous fluid,

it is transferred inside an evacuated sleeve. The interface surfaces of both

the fluid line and the outer sleeve are joined by appropriate means (bolts,

V-band clamps, etc.). The outer sleeve can be retracted for ease of con

nection of the inner line. On completion of the interface mating, the crew

will return to the Crew /Operations Module and secure the hatch, isolating

the interface volume from both modules. By proper valve manipulation,

these lines will then be evacuated, and the propellant lines filled from the

source tanks in the Power/Subsystems Module.

The high-gain antennas will then be deployed to their normal position, from

the stowed po sition utilized during docking. Following this operation, the

crewmen will verify no leaks in the NZH4 feed lines and then transfer to the

Space Shuttle. Once in the Space Shuttle, the thruster system will be enabled

and the propulsion system on the Crew/Operations Module operated to verify

system integrity. On completion of the test, the crew will deactivate the

system and perfo rm a food and hygiene cycle on the Space Shuttle.

The crew will then transfer into the Crew/OFerations Module, verify the

habitability of the crew tower interface airlock, and begin the communi

cations tests with the high-gain antennas. Because the Space Shuttle

structure tends to obscure the antennas, orientation of the cluster must per

mit continuous viewing for checking acquisition and handover operations.

The orientation will depend on the po sition of the orbit relative to the

satellite s.
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Following the initial cOITlITlunications tests, the asseITlbly crew will perforITl

a total of 10 hour s of subsysteITl te sts on priITlary, redundant, and backup

systeITls to establish the operational readiness of the two ITlodules. Typical

of the subsysteITl activation and checkout operations is the one as sociated

with the urine recovery systeITl pre sented in Figure 3 - 7. The first step in

activating the urine recovery systeITl is to verify that all ITlanual isolation

valve s are in the correct po sition and that the therITlal fluid froITl the solar

collector is present at the heat exchanger. One of the cheITlical treatITlent

tanks is then activated. During norITlal operation, when one storage tank is

filled, the second starts to accuITlulate urine while the first is autoITlatically

switched to the wick systeITl. The circulating air systeITl drives air through

the heat exchanger and across the wicks, evaporating the water which is

subsequently condensed in the two- stage condenser. The water is then

filtered through charcoal and bacterial filters and transferred to the water

ITlanageITlent storage units. During the checkout operations, purified water

will be used to siITlulate urine, to provide the operational test. Principal

ITlonitor paraITleter s are heat-exchanger outlet, fluid level in the storage

tanks, and quantity of reITlaining treatITlent cheITlicals and systeITl balance.

Once the operational readiness of the ITlodules has been established, the

crew will prepare the ITlodule systeITls for operations and then transfer to the

payload tunnel area and secure the Crew/Operations Module hatch. After

this, the crew will disconnect the uITlbilicals to the Shuttle and then enter

the Space Shuttle airlock. The tunnel will then be depres surized and the

Shuttle will orient the ITlodule s to their separation attitude. Once the attitude

is attained, the Shuttle will separate froITl the ITlodules, activate the config

uration propulsion systeITl, and do se the hatch cover over the expo sed hatch.

For one orbit or ITlore, the Shuttle will station-keep with the ITlodules and

return to the Earth at the proper tiITle, cOITlpleting the second phase of the

buildup operations.

3. 1. 3 General- Purpo se Laboratory

The third and final flight of the buildup operations IS the delivery and ITlating

of the GPL to the Crew/Operations Module. Table 3-3 presents a detail
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summary of the interfaces between the GPL and the Crew/Operations

Module. As shown, once docking has been completed, 32 interface connectors

will be mated between the two modules.

The buildup operations time line fo r this mis sion is pre sented in Figure 3 - 8.

As shown in the figure, the Space Shuttle terminal rendezvous is completed

at a GET of approximately 10 hours. The GPL is deployed for docking at a

GET of 14 hours. Once deployed, the module's freon pump is turned on, and

docking is completed 15 hour s after liftoff. Due to the extensive phasing

requirement during the ascent portion of the mission, the crew will perform

an 8-hour sleep cycle during ascent.

Following docking, the two as sembly crewmen will transfer to the Space

Shuttle airlock and tunnel and to the GPL test and isolation chamber hatch.

At this position, the crewmen will verify the habitability of the chamber,

acti vate the lighting system and the intercom system, and enter the chambe r

(assumed to be in IVA suits with helmets and gloves on). The crew will per

form a visual inspection of the chamber and then transfer to the GPL hatch.

The crew will establish the habitability of the GPL and then enter the labora

tory portion of the module for visual isnpection. Following inspection, the

crew will move to the GPL hatch located at the interface of the GPL and

Crew/Operations modules. The two assembly crewmen will then pressurize

the natural airlock at the interface, equalizing pressure across the hatch,

and they will enter the airlock. After a visual check of the crew operations

module through the viewing window in the hatch, the crew will equalize the

pressure across the Crew/Operations Modu!e hatch and enter the Crew/

Operations Module. After a visual inspection of that module, the crew will

return to the GPL, securing the crew module hatch.

The two crewmen will then begin the required interface mating operations,

which require a total of six hours and thirty minutes. Once the interface

mating has been completed, the crewmen will transfer to the Space Shuttle

for :r:ormal operations of food, hygiene, and sleep. Following these activi

ties, the crew will transfer to the GPL and perform ten hours of subsystem
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operations and checkout to ve rify the operational readines s of the

configuration. Following these activities, pre separation operations will

begin. The remaining activities parallel those described previously for

separation, station-keeping, and return.

3. 1. 4 Logistics Module!

The fourth launch will be the fir st Log Module plus two sustained operations

crewmen carried as passengers in the Space Shuttle. Following docking to

the Crew/Operations Module, the interfaces presented in Table 3-4 will be

mated, the systems checkout, and then the off-loaded equipment, such as

those candidates presented in Table 3-5, will be carried onto the Space

Station and installed at the proper location.

As shown in Figure 3-9, rendezvous with the orbiting Space Station occurs

approximately seven hours after liftoff. Following deployment of the logistics

module from the Shuttle payload bay to the docking position, the Log Module

will be docked to the Crew / Operations Module. The Space Station crewmen

will transfer from the Shuttle, through the tunnel, to the Log M hatch.

Following the establishment of habitability of the module and activation of the

lighting and communications system, the two crewmen will ente r the Log

Module. After completing a visual check of the Log Module interior, the

crewmen will transfer to the interface hatch at the interface 6f the Log

Module and CrewIGJperations Module and equalize pressure across the hatch

into the natural airlock.

The crewmen will enter this airlock and equalize pre ssure into the Crew /

Operations Module. Once this operation has been completed, the crewmen

will enter the crew operations module and perform a visual check of the

Space Station interior. They will then return to the Log M and begin the

interface mating between the Log and the crew operations module. Once the

power and atmosphere control interfaces have been mated, the Log Mis

switched from Shuttle support to Space Station subsystem support. The crew

will then return to the Space Shuttle and, with habitability verified, they will

remove their helmets and gloves and perform a hygiene, food, waste manage

ment, and sleep period.
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After a briefing with the ground support personnel, the crew will transfer to

the Log M to complete the inte rface mating required between the logistic s

vehicle and the Space Station. Once the interface operations have been com

pleted, the crew will begin transfer of equipment which has been off-loaded

from the Space Station modules for launch.

Following the transfer and installation of the off-loaded items, the newly

installed equipment will be checked out and its operability verified. At

approximately 75 hours GET the crew will utilize the Space Station for their

food, hygiene, and sleep cycles. Approximately 93 hours following liftoff, the

Space Shuttle will separate from the Space Station, leaving the two crewmen

onboard the Space Station to begin nominal operations. After station-keeping

for approximately one day on-orbit, the Space Shuttle will return to earth.

A total of three logistic s mis sions is required to complete the activation

operations and build the on-orbit crew to a six-man level. These flights will

be 30 days apart, resulting in completion of buildup and activation five months

after the first Space Station launch. During the buildup and activation oper

ations, a crew duty-cycle day of 20 hours was utilized. The short duration

of the missions indicated that the crew did not require the nominal four-

hour recreation period each day, therefore, none were scheduled. This

approach enables greater utilization of the crew time on-orbit; however, dur

ing sustained operations, with the crew on-orbit for extended periods, the

recreation and relaxation periods should be and have been included in the

daily schedule s.

3.2 ORBITAL OPERA TIONS

The sustained operations of the Space Station for crew operations analysis

were divided into four areas; experiment operations, station operations,

logistics support, and safety. In general, the experiments and their opera

tions repre sent the Space Station mis sion, while the station operations rep

re sent the support activities on- orbit which are required for mis sion

accomplishment.
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3.2. 1 ExperiITlent Operations

Detailed descriptions of experiITlent operations with associated tiITlelines at

the FPE level are given in Appendix A prepared by the Martin Marietta

Corporation Denver Division. Only the ITlore general features of the crew's

involveITlent in these operations is discussed in this section.

The GPL is the center of operations for the priITlary Space Station ITlISSlOn.

The general arrangenlent of equipITlent \vas described in Section 2. The

experiluent operations center was shown in Figure 2-25 with individual work

stations of each Laboratory/Facility shown in Figures 2-18 through 2-24.

These figures represent the functional grouping of equipnlent into laboratories

or specialized facilities. Each has been sized to allow up to three crewmen

to work at one time. Also, there is sufficient free volunle associated with

each area to perITlit up to three crewnlen to confer, study, relax, or

socialize, thereby eliITlinating the need to return to the cre\v nlodule for

such activities.

Equipnlent requiring frequent access for servicing or ITlaintenance was

located in the center consoles. EquipITlent located around the periphery of

the ITlodule is hinged so it can be swung out for ITlaintenance or access to the

module walls. Handholds and foot restraints are located throughout the

module for safety and efficient operations.

In addition, a ITlovable, adjustable pelvic/foot restraint is provided at the

upper-level equipITlent for operation and ITlaintenance. Two handrails, one on

either side of the ITlodule, extend the length of the GPL in front of the con

soles. Several pelvic/foot restraints are attached to these handrails. They

can be ITloved along the rail and locked in place at any angle, including the

relative angle between the foot and pelvic restraint.

The support required by the experiITlent prograITl frOITl each of the subsys

teITlS is sUITlITlarized in Table 3 - 6. This table shows the crew operations

involved as well as the facilities, tools, and equipITlent.
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3. 2. 2 Station Operations

Sustained operations will be initiated with the third Log M flight five months

after the first launch, when the ISS crew is increase'!. to six men. ISS opera

tions will continue until four years and seven months later when the Space

Station crew is increased to 12 men. Over the entire Space Station program,

a total of approximately 275, 000 man-hours of productive operations will be

provided on-orbit. Of these, 88, 000 will be provided during ISS operations.

The crew will be delivered to orbit as passengers onboard the Space Shuttle.

Once docking has been completed, the two crewmen will enter the Shuttle air

lock, transferring through the expandable tunnel to the payload pallel inter

face. The crewmen then will equalize the pressure across the Log Module

hatch, open the hatch, and transfer through the Log Module airlock and the

Log Module to the Space Station. The exit of crewmen returning to earth is

the reverse operation along the same path.

The Space Station design approach has paid careful attention to minimizing

crew tasks and complexity associated with routine operations and mainte

nance activities to provide the maximum possible number of man hours on

orbit for experiment operations. The general crew functions for the on-orbit

crew include the following station operations:

a. Subsystem operations.

b. Inventory control.

c. Logistics vehicle checkout and operations.

d. Resource planning.

e. Station maintenance.

f. Safety and medical care.

g. Experiment interfaces.

h. Onboard checkout.

i. Contingenc y modification.

All of the daily routine operations for station operations will be automated to

the maximum extent practical. A typical example is the monitoring of criti

cal parameters and activation of appropriate warning devices for out -of

tolerance conditions. The actuation of appropriate response to warnings will

be a crew responsibility; however, system switching to redundant or backup
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systerns will also be automated as much as possible. During each shift, one

crewman will be assigned the responsibility of the control console located in

the Crew Operations Module. When operations are minimal at this position,

the operator will perform other duties, but he is available if malfunction or

emergency conditions arise requiring his attention.

Additionally, the crew will perform the following activities: food preparation

and cleanup, hygiene and waste management, rest and relaxation, physical

fitness and exercise, housekeeping (cleanup), and routine medical and dental

care.

Since some of the subsystem requirements were changed for the Modular

Space Station, it was deemed necessary to reexamine crew requirements for

station operations to ensure adequate crewtime to support experiment opera

tions. Personal activities were not reexamined in detail since they remained

the same as for the 33 -it station, and equipment, procedures, and general

philosophy regarding crew-equipment interfaces are unchanged for the

Modular Space Station.

The major effort for the Modular Space Station crew ope rations analysis was

to determine the time required for routine operations. The time for personal

activities was defined as 90 min a man per day for eating, hygiene, and waste

and 8 hr a man per day for sleeping. Thus, the essential objective of the

analysis was to determine how the crew spends its 10 hr a day of duty time.

To facilitate the generation and compilation of these data, the form shown in

Figure 3 -10 was devised. The form is based on the premise that all subsys

tem ta sks can be categorized under four maj or headings. An increas e in

crew involvement is inherent in the second tier categories, as shown

in Table 3- 7. Each subsystem designer completed the forms for the

equipment for which he is responsible. An assembly-level breakdown was

used to identify tasks. The fr'equency and duration (F&D) were then entered

on the form. With these raw data, it was pos sible to compile crew time

requiremer..ts in various formats in order to better understand what crew

responsibilities are and how much time should be devoted to them.
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Table 3 -8 shows the periodic tixne require:ments for each of five subsyste:ms.

The interval (daily, every seven days, every 10 days, etc) is indicated in the

left -hand colu:rnn. The nu:rnber of events for each interval is in the next

colu:rnn. The :minutes required to acco:mplish the task are entered under

each subsyste:m designation. Totals are provided by subsyste:m and by

interval. (CoInInunications, data :manage:ment and onboard checkout are not

included in the table. )

As shown in Table 3 -8, :much of subsyste:m operations is perfor:med in daily

or weekly tasks. These tasks involve routine inspection of equip:ment or

displays to ensure that equip:ment is functioning nor:mally or that consu:rnables

are actually used as planned. The less frequently perfor:med tasks involve

periodic replace:ment or scheduled servicing (i. e., preventive :maintenance).

Corrective :maintenance tasks are excluded fro:m this analysis. They are

reported in MP-Ol, Mission Analysis. The tixne allocated for corrective

:maintenance is 130 :min a day and that tixne require:ment is included in this

analysis.

A significant effort for the Space Station crew is mis sion planning and con

trol. These activities are sUInInarized in Table 3 -9. They are computed

on a daily basis (i. e., an average for each day). Actually, a given crewman

might con£er with ground personnel once or twice a week, but his average

expenditure is estixnated as 10 min per day.

Mission planning and control reflects prixnarily the crew interface with the

data management system as well as cOInInunications with the ground. The

crew must enter data on a daily basis and call up any in£or:mation it requires.

A total daily average of 345 min for mission planning and control resulted

.from this analysis.

Another step in the analysis was to reevaluate the tixne allocated for house

keeping and logistics to reflect the onboard processor and compactor to

handle trash and the pantry concept for cargo. A total of 145 :min was com

puted for food preparation and issue (one :man preparing and issuing food to

three or more crew:men), galley and station cleaning and cargo handling.
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The subtotal of 167 min for subsystem operation was entered and the updated

maintenance estimate of 130 min yielding a grand total of 787 min or the

equivalent of about 1. 3 man days. One man day equals 10 hr. The remainder

of 3,600 total duty hours is available for experiments. (i. e., The equivalent

of 4. 7 men/day. )

The major result of these analyses was to verify earlier estimate that

station operation and housekeeping function would require less than 2 men/

day, on the average, for their accomplishment. The general crew comple

ment is required to accommodate a changing experiment program. Such

flexibility will require a broad range of scientific background in order to

minimize detailed instructions for the overall training program. As shown

in Figure 3- 11, one crewman is as signed the respons ibility for station opera

tions and maintenance, the Space Station commander. A second crewman,

the experiment officer, is primarily responsible for all experiment opera

tions, but is also responsible for experiment interface operations. The four

remaining crewmen are assigned to the expe riment operations. Principal

investigators rnay be included in the group of four experiment operations

personnel. The scientific crew will require a minimum of astronaut train

ing; primarily, Space Shuttle passenger responsibilities, Space Station

safety, emergency, and personal duties training (waste management, hygiene,

etc. ).

The crewman's duty cycle on-orbit will nominally be 90 days. Crew overlap

during crew rotation is nominally planned for 12 hours, though this period

could probably be reduced if required. The crew will be recruited for con

tinuous support of the program with one on-orbit duty cycle every year. The

balance of the year will be spent in mission preparation, proficiency train

ing, debriefings, and as mission operations support personnel on the ground.

As mentioned previously, each crewman will be trained in more than one

skill to provide backup operational capabilities on-orbit. Table 3 -10 presents

a crew requirements summary for comparison between the three types of

crewmen.
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3.2.3 Logistics Support

The Shuttle provides the transportation system to deliver and return the

crew, RAM's, experime.nt equipment, and supplies to the Modular Space

Station. An analysis of crew rotation requirements, Space Station sub

system resupply cargo, and experiment (RAM's, equipment, samples,

data, and re supply) cargo was accomplished to identify the flight require

ments for the ISS and GSS operations. The other key factors that were

integrated with the cargo requirements to establish the flight schedule

were:

A. The shuttle delivery and return payload capability is

20, 000 lb.

B. The maximum shuttle launch frequency is every 30 days,

C. The shuttle can accommodate a maximum of two

passengers.

D. Crew rotation cycles are based on a nominal frequency

of every 90 days.

E. The maximum cargo payload accommodation of a Logistics

Module is 14, 000 lb.

F. The maximum cargo payload capability of a Crew Cargo

Module is 11, 000 lb.

G. The Modular Station initial buildup and on-orbit assembly

logistics support will include the delivery of off-loaded

subsystem equipment and a large inventory of spa'res over

and above the nominal resupply requirements.

H. Resupply cycles are scheduled on nominal 90-day centers.

1. Experiment Case 534 will be used to establish a flight

schedule. The results of the analysis impacting the ISS

flight schedule include a total cargo weight of 254, 000 Ib

delivered to the ISS during five years of operation.
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A detailed description of station subsystem and experiment cargo

requirements including cargo mix of gases, liquids, and solids by weight

and volume is presented in SE-06.

Cargo Handling

The on-orbit "pantry conceptI I developed during the 33-ft station study

was reevaluated for the modular station de sign and operation. The

reevaluation concluded that the pantry concept was the be st concept and

operational mode for on- orbit storage, inventory control, cargo transfer

(loading and unloading), and daily utilization by the crew. Tradeoffs

emphasized crew time, storage requirements aboard the station, and

scheduling of cargo tasks. The pantry concept continues to provide the

minimum onboard storage requirements for other station modules, rep

resents the minimum crew time required for cargo transfer, and allows

the transfer of cargo on an as-needed basis or noninterference sched

uling with experiment operations.

The requirement for 120 days of supplie s on orbit after each re supply cycle

is satisfied by having 30 days of operating spares, consumables, and expend

ables onboard the station and 90 days of supplies in the logistics module.

With the arrival of the next logistics flight, the returning Logistics Module

also returns the supplie s not utilized plus cargo from the station. The new

Logistics Module delivers 90 day s of supplie s and the cycle continue s with
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each Logistics Module rotation. Another approach is to off -load the

remaining supplies not utilized onto the station rather than return all unused

cargo to ground inventory. An analysis of the cargo manifest concludes that

almost all of the nonutilized items would be spares for the first 11 quarters

of ISS operations. The spares would be added to the inventory and controlled

by the combined on-orbit/ ground inventory control system. Future flights

would then be void of these items. The additional onboard storage for these

items would be minimal.

The remaining quarters (ll to 20) of ISS operations require two Logistics

Module deliveries for each 90-day phase to satisfy resupply requirements.

Cargo transfer operations will be similar to those developed for the 33 -ft

station. Selected liquids and gases will be transferred by a transfer system

controlled from the Space Station com.m.and control console (Figure 3 -12) to

the subsystem using points (RCS, RAM, GPL, etc) throughout the station.

The fluid or gas will be pumped or gas pres sure -fed to effect transfer.

Each neuter docking port on the Modular Space Station will have the inter

face connectors and capability to mate to the Logistic Modules for these

transfer operations. All cryogenics will be transferred by the crew from

the Logistics Module to the GPL or RAM. The study emphasis on low initial

cost eliminates all large quantities of cryogenics for controlled transfer by

pumping. Current technology has not developed an operational system or

technique for cryogenic transfer in zero g. DDT &E costs to develop a sys

tem for cryogenic transfer would exceed the study guidelines for low initial

cost. The 33 -ft station study considered developing a system to pump or

transfer cryogenic by a controlled transfer system. Small quantities of

special fluids or gases required for experiment operations will be transferred

the same as solid cargo.

Solid cargo transfer will primarily be accomplished by the crew, which will

hand-control and translate each item on an as -needed basis or periodically

according to schedule. The majority of solid cargo items can be safely

handled and transferred by the crew from the Logistics Module or Crew Cargo

Module to the power, crew, or GPLmodules without the aid of a cargo

handling system. However, the characteristics of a few items exceed the
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capability of a crewman to safely control and constrain the movement of the

item without the assistance of a mechanical aid or cargo handling device.

These characteristics include size or shape, moment of inertia, and safety

precaution (e. g., transfer of high-pressure gas tanks at 3, 000 psig).

Some of the items will be resupplied periodically throughout the ISS opera

tions and will require a transfer from the Logistics Module to a station

module. The experiments will also require the periodic delivery and trans

fer of equipment or resupply of cargo having the characteristics requiring

a transfer system to assist the crew. Since the usage rate of the transfer

system is periodic rather than routine with each resupply flight, a simple

system that can be easily installed and removed for onboard storage is

desired rather than a more sophisticated and permanent system throughout

the station. A proposed concept for a minimum system is presented in the

following paragraphs and would be delivered to the station on the first Logis

tic s Module.

A dual-cable cargo moving system is depicted in Figures 3 -13 and 3 -14.

The system features include the following:

A. Two cables are attached to fixtures located in the aisleways of each

station module and Logistics Module. Separate cables are attached

on each side of the aisle to provide directional control of the cargo

transfer.

B. The cables are anchored at convenient intervals.

C. No fittings are required on the cables.

D. Removable cable trackers are easily and quickly installed by a

crew member.

E. A dead -man brake is provided on the tracks.

F. Anchor pins seize continuous cable run.

G. Corners can be conveniently traversed.

H. The system is easily adaptable to cargo container design.

I. No maintenance is required.

J. Minimum storage is required on the station.

K. Minimum crew time for installation or removal.
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Equipment requiring use of the system during ISS activation would include

that described in Table 3 -11.

Table 3-11

CANDIDATE EQUIPMENT REQUIRING TRANSFER SYSTEM

Item

CMG's

Repressurization Gas
Oz

Megabolic Gas
Oz

Oz

Pumpdown Accumulators

Water Tanks

Batteries

Food (Refrigerators)
(Freezers)

Trash Compactor

Quantity

4

1

4

1 set

Z sets

Z sets

z
Z

1

111

T ransfe r From
Log Module To

Power /Subsystems
Module

Power/Subsystems
Module

Powe r / Subsystems
Module

Power/Subsystems
Module

Crew/Operations
Module

Power /Subsystems
Module

Crew /Operations
Module

Power/Subsystems
Module

Crew/ Operations
Module

GPL

Crew / Ope rations
Module

Crew/Operations
Module



To operate the system, the crew would attach the cable runs from the LM to

the equipment location aisle zone in the station module where the equipment

or item is to be transferred. The crew would then proceed to the storage

rack of the LM and attach one cable tracker to the cable. The tracker is

clamped and locked on the cable and is normally spring-loaded to the brake

position. The crew depresses the trigger mechanism releasing the brake and

the tracker is free to slide along the cable. Releasing the trigger auto

matically engages the tracker brake.

With one tracker installed, the crew would then attach an adjustable cargo

constraint cable. One end anchors to the tracker and the other end attaches

to the cargo -packaging fitting. The tracker and anchor remove the cargo

holding constraints (bolts, straps, etc), releasing the cargo from its storage

rack. The cargo item is pulled into the aisleway to allow installation of the

second tracker, and guide cables are then adjusted to the proper tension to

constrain the cargo. The crew is now ready to translate the cargo along the

cable run.

The crewmen release the tracker brake and the crewmen provide the force

to translate the item. The crew performs the rever se procedure to remove

and install the item at its destination point. Figure 3 -15 further demonstrates

the use of the proposed system. The system provides a very simple, easy-

to -operate and store, minimum-maintenance system and cost compared to

other systems evaluated.

3.3 DUTY CYCLES

The mission ground rules which affect the duty schedules are summarized

as follows:

A. The ISS will be operational when fully manned (at least two crew

men), and fully configured, including the GPL and at least two

RAM's.

B. The baseline workday is 10 hours, with one day off. The work

period will be scheduled within a l2-hour tour of duty for seven

days a week.
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C. For on-orbit operations, no system or subsystem design will

prohibit single or dual-shift operations, even though a dual shift

is currently recommended.

D. An on-orbit scheduling technique is used to integrate scheduled

subsystem maintenance with experiment operation and maintenance

to minimize operational interferences among these activities.

The duty cycle recommended for the ISS is two 12-hour tours or responsi

bility to provide 24-hour coverage of all operations and still permit consid

erable choice in the scheduling of activities. Scheduled duty time will

actually consist of no more than 10 hours within the 12-hour tour of responsi

bility. During the remaining two hours, the crewmen is available if

required; that is, he is not asleep or otherwise not readily available. With

this arrangement, only four meal periods are actually required, two of which

could be scheduled to bring both shifts together.

Figure 3-16 depicts a generalized duty cycle for three crewmen who share a

12 -hour tour of duty. It illustrates how three crewmen can be available

concurrently for those tasks requiring three men and retain the appropriate

breaks for hygiene, waste, eating, and off-duty time. Actually, the total

shift is extended to 15.5 hours, which would provide a desirable overlap of

shift operations. It also indicates how individual variation in duty cycling is

attained without comprising any constraints.

Tables 3 -12 through 3 -15 shows the time requirements and scheduling of

activities for the four crewmen whose primary responsibility is station

operation and maintenance. Crewmen No. 1 and 2 are responsible for first

shift op~ration and crewmen No. 3 and 4 for second shift operations.

The crewmen can schedule the order of performing tasks to suit the needs of

the day or their own personal needs without jeopardizing the operation and

maintenance of the station.
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3.4 SAFETY

Two general requirements in the Program Specification Document (eM -01)

guided the safety de sign effort. They are:

3. 1. 3.4 The Space Station will rely on the Shuttle for emergency

removal of the crew with 48 hours of alert notification.

3.2.6. 1.2 Safety is a mandatory consideration through the total pro

gram. As a goal, no single malfunction or credible combination of mal

functions and/or accidents shall result in serious injury to personnel or

to crew abandonment of the Space Station.

As the study progresses, more detailed specifications were developed.

Many of these significantly affect crew operations; therefore, they are out

lined below with a sum.m.ary of the design (procedural or equipment)

implementation.

3.2. 1. L 2. 2 Meteoroid protection shall be provided by the MSS design

when exposed to the meteoroid flux given in TMX-53865, Second Edition,

August 1970.

3.2.3.5 The probability of no loss of pressure in a habitable module

shall be O. 9 or greater during the initial 10 years of Space Station

operation.

3.7. 1.3.5.2 Provisions shall be made for detecting, locating, and

repairing meteoroid damage.

The following meteoroid protection features are provided: meteoroid bumper,

total pressure monitor, leak sensors, caution and warning, repair kit, and

compartment evacuation precedence (as discus sed earlier). These features

are discussed in detail in SE-03, Detailed Preliminary Design.

3.2. 1. 1. 1. 4 Onboard systems shall be provided for checkout, monitor

ing' warning, and fault isolation to a level consistent with safety and with

the in-orbit maintenance and repair of failures or damage shall also be

provided. As a goal, the overall station operations shall not be sub

stantially degraded by selected repair modes.

3.2. 1. 1. 23 Space Station systems which incorporate failure -related

automatic switch-over controls shall be designed to provide crew notifi

cation of the switch-over and conform proper operation of the system
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on-line. For critical failures the crew shall be automatically notified

of conditions requiring crew attention.

Onboard systems are provided with automatic checkout and warning for

critical parameters. This capability includes automatic visual and oral

notification, automatic initiation of fault isolation, independent redundant

sensors, dedicated display, separate power, full backup capability from

alternate location, and display in each habitable compartment.

Warning parameters include 02 storage, N2 storage, dump and relief valve,

contamination monitor, coolant H20 circulation, radiator control, radiator

recirculation, propellant, compartment pressure, partial 02, and fire.

3.2.6.2. I The Space Station shall be divided into at least two pressurized.

habitable volumes so that any damaged module can be isolated as

required. Accessible modules will be equipped and provisioned so that

the crew can safely continue a degraded mission and take corrective

action to either repair or replace the damaged module.

Long term refuge is provided in either the GPL or the Crew/Operations

Modules. Each is equipped with an independent EclLS system, cornrnand

control capability, docking port for logistics, fault detection/ isolation, and

food, water, and supplies.

3.2.6.2.2 Sensors shall be installed to provide fire warnings in sensi

tive or danger areas. Fire suppressant techniques such as fire

extinguishers or automatic isolation and decompression of module

compartments shall be provided.

Every known precaution will be taken to reduce fire hazards since there is

no detection, extinguishing and suppressant system to avoid all crew risk.

Sources of ignition will be minimized and use of flarnrnable material will be

reduced to the least quantity possible. Egress hatches between modules will

provide the crew with irnrnediate egress to a safe compartment. Hard covers

will be preinstalled on wires and wire supports. The electrical system will

incorporate other safety features such as bonding and circuit protection.
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These design features will be augmented with emergency lighting, caution

and warning, etc. The OCS will continually monitor critical operations and

alert the crew when a safety problem arises.

3.2.6.2.6 Pressure hatch design shall provide a means of visual

verification that proper closure has been accomplished.

3.7.1. 3. 9. 2 A minimum of two airlocks, each having a two-man capa

bility, shall be provided.

Three EVA air locks will normally be available to the crew. Planned EVA is

through the GPL airlock. Alternates are located in the Log M and power

module as indicated in Figure 3-17. Other design features are: (1) hatches

are operable by one man, (2) hatches are operable from either side, (3) posi

tive closure indication, (4) windows in each hatch, and (5) pres sure

equalizing valve in hatch.

3.2.6.3.2 Personnel escape routes shall be provided in all hazardous

situations. A design goal shall be to provide alternate escape routes

that do not terminate into a com.m.on module area.

Refuge / retreat precedence is outlined in Table 3 -16.

Escape routes which are mutually exclusive from all hazardous areas and

from all habitable volumes are as follows:

Crew/Operations Module: 4 routes

GPL: 2 routes

Power/Subsystem Module: 4 routes

Log Module: 2 routes

RAM's: 2 routes

These routes are shown schematically in Figur e 3 -18.

3.3.2.2. 7 All materials selected for use in habitability areas shall be

nontoxic, nonflam.m.able, and nonexplosive to the maximum extent

possible.
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Table 3 -16

REFUGE/RETREAT PRECEDENCE

1ST ORDER - TO CREW/OPERATIONS MODULE OR GPL

• EACH FULLY EQUIPPED TO OPERATE WITH LITTLE IF
ANY DEGRADATION

• NO SPECIAL SHUTT LE FLIGHT LIKELY

2ND ORDER - TO POWER MODULE OR LOGISTICS MODULE

• 96-HOUR LIFE SUPPORT

• AIRLOC K AVAILABLE

• SHUTTLE FLIGHT PROBABLY REQUIRED

3RD ORDER - TO ATTACHED RAM'S

• 96 -HOUR LIFE SUPPORT

• REQUIRES EVA TRANSFER OR SHUTTLE RESCUE

A surnrnary of design requirements developed to meet the above specification

follows:

A. Water only in EC/ LS inside loops.

B. No cryogens in habitable areas.

C. No hydrogen onboard.

D. Hydrazine stored outside pressurized areas.

E. Contamination detection and control system.

F. Isolation chamber.

G. Backup redundancy.

3.7. 1. 3. 1. 1 The EC/ LS system will provide a shirtsleeve environment

within the habitable areas during the buildup, activation, and module

replacement period. In addition to meeting the above specification, a

requirement was established that no compromise of safety during buildup

and activation would be permitted. To meet this general requirement,

the following features were incorporated in the system design.
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A. No EVA required.

B. Minimum. activation crew.

C. Initial entry in pressure suits.

D. Verification of life -critical functions prior to entry.

E. No manning until all life -critical functions are fully operational.

F. Orbiter attached while buildup crew in SS module.

G. Caution and warning system active.

H. Remote activation of pressure lines.

Another safety requirement was to locate pressure vessels and explosives

away from crew areas, preferrably in unpressurized areas. The following

de sign implementation re sulted: propellants stored in unpres surized areas of

Power/Subsystems Modules and Logistics Module, G02 located in Logistics

and Power/Subsystems Modules cryogens for experiments located in test

and isolation chamber (GPL), and no volatile fluids in habitable areas.

3.7. 1. 4. 3 Provisions and habitable facilities shall be adequate to

sustain the entire crew for a minimum. of 96 hours during an emergenc y

situation requiring Shuttle rescue.

In addition to the primary and backup EC/ LS systems, a third level of

emergenc y backup is provided in the form of 3 -man pallets, as shown in

Figure 3 -19.

The basic two-man pallet may be located in any module wherein crew mem

ber s could become isolated and would provide sufficient supplies for a

maximum. of four days. The O 2 supply supplements the normal 02 stored in

multitank reservoirs and would only be used if the crew members were

isolated from the normal supply because of a catastrophic occurrence. The

food, batteries, and temperature control equipment provide for a similar

situation. The water and LiOH (used for C02 removal) would be used under

similar circum.stances and could also be used if the primary water recovery.

unit or C02 recovery unit fails. Under these latter circum.stances, the crew

could continue normal operations throughout the Space Station while repairs

were being accomplished. It is unlikely that this mode would be needed

because most repairs could be made before C02 levels or water quantity

become critical.
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The pallets are distributed as follows:

GPL: 2

Power SubsysteITls Module I

Crew/Operations Module 0

Logistics Module I

RAM I

Although no detailed specifications exist for space suits, the following

requireITlents were established to ensure ITlaxiITlUITl crew safety during

IVA/EVA:

A. Suit for each creWITlan plus two spares.

B. Four EVA/ IVA suits.

2 individually fitted suits in Logistics Module.

2 backup suits in GPL.

C. Four grossly fitted suits for research personnel.

2 in Powe r / Subs ysteITls Module.

2 in Crew/Operations Module.

D. UITlbilical connectors located in every pressurizable cOITlpartITlent.

Safety requireITlents for ITlodule interfaces were as follow's:

A. Hydrazine connectors and lines vented overboard.

B, Electrical line s separated froITl flaITlITlable fluids.

C. Hydrazine lines separated froITl oxidizer line.

D. Shutoff controls on both sides of interfaces.

E. Redundant lines separated.

F. Fluid lines purged overboard prior to ITlating and disconnecting.

G. Shirtsleeve access.
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3.2.6.4.2 The allowable radiation limits for the crew are:

1 yr avg
Organ daily 30 day Qtrly':~ Yearly Career

Skin (0. 1 nun) 0.6 75 105 225 1200

Eye (3.0 nun) 0.3 37 52 112 600

Marrow (5.0 cm) 0.2 25 35 75 400

The radiation protection assembly provides the crew with protection against

adverse radiation exposure. The solar -flare environment and the trapped

proton environment are expected to contribute the majority of the dose. The

critical allowable dose is the dose on the BFO (blood-forming organs). The

maximum allowable dose is 35 rem over a 90-day period.

The primary protective measure is spacecraft shielding along with onboard

equipment. Our analysis shows that when a man-model is combined with a

Space Station model, the resultant dose is 9.4 rem to the BFO over a 90-day

period.

The radiation protection assembly requirements are primarily for monitoring

and measuring the extent and kind of radiation exposure to ensure crew safety

and for further analytic investigations. The equipment shall include onboard

and extravehicular dosimetry which will be linked to the caution and warning

systems as required.

Additional details regarding long -life assurance and safety are presented in

Section 7, MP-01, MSS Mission Analysis.

':~May be allowed for two consecutive quarters with six months restriction
from further exposure to maintain yearly limit.
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Section 1

EXPERIMENT CREW TIME LINES

This document presents the flight crew requirements for both experiments

and experiment modules for the Modular Space Station. The crew skills and

time requirements are defined for each Functional Program Element,

experiment subgroup, and experiment module. Crew mission requirements

are included which provide compatible skill mixes and cross -training

implications.

Crew size requirements for specific experiment programs are not included

in this task, but can be compiled using this basic data with the WICK

resources allocation computer program.

The crew operations for the experiments and modules are categorized under

three major a ctivity headings - SETUP, OPERATE, and SHUTDOWN. The

activities included under each heading are as follows:

Function

SETUP

Initial Setup/ Activation

Periodic Setup

Service

OPERATE

Initiate Operation

Monitor / Control

SHUTDOWN

Shutdown

Service

Typical Activities

Remove Launch locks, prep for operation,
align, calibrate

Align, calibrate, check out, deploy

Install film, supply consumables

Turn on, start data taking, initial monitor,
deploy

Observe ope ration of sys tem/experiment
during data taking operation, control equip
ment operation

Turn off, retract, de-activate, terminate,
package, stow

Resupply film and other consumables
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Function

Re configure

Process data

Evaluate data

Maintenance

Scheduled

Dns cheduled

Typical Activities

Exchange equipment, change settings

Develop film, reduce data

Quality check, evaluate performance

Inspection, replace time sensitive
equipment, clean

Remove and replace/repair failed hardware

The crew skills, referred to by number codes in various parts of this

report, are listed in Table I, Crew Skills.

Table 1

CREW SKILLS

1. Biological Technician

2. Microbiological Technician

3. Biochemist

4. Physiologist

5. Astronomer/ Astrophysicist

6. Physicist

7. Nuclear Physicist

8. Photo Technician/Cartographer

9. Thermodynamicist

10. Electronic Engineer

11. Mechanical Engineer

12. Electromechanical Technician

13. Medical Doctor

14. Optical Te chnician

136

15. Optical Scientist

16. Meteorologist

17. Microwave Specialis t

18. Oceanographer

19. Physical Geologist

20. Photo Geologist

21. Behavioral Scientis t

22. Chemical Te chnician

23. Metallurgist

24. Material Scientist

25. Physical Chemist

26. Agronomist

27. Geographer

28. Hydrologist



29. Pilot/Navigator

Table 1

CREW SKILLS (Continued)

31. Eiectromechanical
Engineer

30. EVA Backup/Subject (any skill)
32. Life Science Technician
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Section 2. a
CREW REQUIREMENTS - EXPERIMENTS

The crew skill and time requirements for the experiments are based on the

January 1971 Blue Book, the Experiment Requirements Summary, Rev. 1

(Greenbook), and subsequent analysis. The crew requirements for each

subgroup and FPE are presented in Appendix A and supercede the Greenbook

where conflicts exist.

For ease in reference, the crew timelines (Appendix A) have been added to

the Operational Sequences submitted as part of task 2.2. I-b. The time

requirements are totaled for each skill and are listed in average manhours

per day. A summary of the experiment skill and time requirements is

shown in Table 2.

2. I GROUND RULES AND ASSUMPTIONS

a) All crew times for the subgroups were estimated considering only

the requirements of that subgroup. The mode of accommodation

and the impact of concurrent operation with other subgroups or

experiments have not been considered.

b) All EVA times include three hours prep and post EVA activities.

c) At the FPE level, crew times have taken commonality of activities

into consideration where several experiments within the FPE could

be conducted and monitored concurrently. Where sequential opera

tions are required, the total FPE crew times are the sum of the

subgroup requirements.

d) EVA is always performed with two men. The second man is identi

fied as "EVA Backup" when specific skill is not required.
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Section 3. 0

CREW REQUIREMENTS - EXPERIMENT MODULES

The crew requirements· for the experiment modules were derived for each

different type module. A summary of the module requirements is provided

in Table 3, Module Crew Requirements.

3. I GROUND RULES AND ASSUMPTIONS

a) All pressurizable portions of the modules a:r:e pressurized prior to

launch and will only require 11 top off" in orbit.

b) All free flying module s will dock to the Station for service /

maintenance once per 60 days.

c) EVA for maintenance is based on the failure rates and repair times

for the components external to the pressure shell. The free flying

module used as a basis for EVA estimates includes a pressurizable

subsystems chamber and sensor chamber and requires 14.0 hours

EVA each for two men every 90 days. As suming that approximately

one -third of the equipment requiring maintenance is located in the

sub-systems chamber, one-third in the sensor chamber, and one

third in the experiment chamber, the EVA time is adjusted directly

with the volume of pressurizable area. The maintenance time for

each type module and the EVA portion is shown below. All EVA

times include three hours prep and post EVA activities.

Configuration

Subsystem and Sensor Chambers
Pre s s urizable

Subsystem Chamber Pressurizable

No Pressurization

Fully Pressurizable

Maintenance EVA
Time Time

(Hours/Man) (Hours/Man)

26 14

39 27

53 53

26 7
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d) Crew time for pumpdown or pressurization is assumed as

I manhour regardless of volume.

e) An automatically mated pressurization umbilical connector between

the station and all modules is assumed. All other connectors are

assumed manual.

f) Maintenance times are higher for the attached modules than for the

free flyers since the redundant systems on the free flyers will not

be repaired under the existing maintenance policy.
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Section 4

CREW MISSION REQUIREMENTS

Determination of crew size and skill mix are directly dependent on the

experiment program which is flown and is therefore not a part of this report.

The 32 skills identified on Table 1 must be combined in such a way as to

minimize the number of crewmen and still retain the skills required to

accomplish the experiment program. In attempting to combine skills into a

limited number of crewmen, the compatibility of skills must be considered.

To assist in identifying the cross-training requirements, Table 4 lists the

skills which are compatible and would require minimal cros s -training. Skill

levels, i. e., scientist, engineer, specialist, are noted by the crew titles in

Table 4.
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Section 5

CREW COMPOSITION REQUIREMENTS

The data in Table 5-1 summarizes the crew skill and time requirements for

the experiments within each Functional Program Element (FPE). The times

listed for each skill are totals for all tasks including Setup, Operate and

Shutdown/ Evaluate.

The EVA time requirements include preparation time -and post-EVA activities

in addition to the time required outs ide the spacecraft.

The crew s kill requirements indicate a requirement for a particular skill and

do not indicate the number of crewmen required.

Crew time per day indicates the time required for each skill during the per

iod of experiment operation. Where the experiment operates continually,

the crew time per day shown is a daily average. The crew times and skills

for both the free flying, attached modules and integral experiments are

provided. The free flying and attached modules are noted in the remarks

column.
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